monotherapy or combination therapy (ie, an ICS combined with a longacting ␤ 2 -agonist [LABA]).
In patients with COPD and a forced expiratory volume in the first second of expiration (FEV 1 ) less than 50% predicted, several randomized controlled clinical trials have demonstrated that ICS therapy reduces the frequency of COPD exacerbation. [10] [11] [12] [13] [14] [15] [16] Thus, current US and international guidelines recommend ICS therapy in addition to bronchodilators for patients with symptomatic COPD, FEV 1 less than 50% predicted, and repeated exacerbations. 17, 18 However, only 1 randomized clinical trial has demonstrated improved survival with combination therapy (ICS/LABA) as compared with long-acting anticholinergic therapy. 15 Additionally, ICS therapy has been associated with increased risk of pneumonia in several recent large randomized clinical trials. 12, 13, 15 Observational studies demonstrate an increased risk of osteopenia and fractures associated with long-term ICS use, particularly at high doses. 19, 20 Prior meta-analyses have yielded conflicting results for the effect of ICS therapy on quality of life, [21] [22] [23] and none have incorporated the recently completed large randomized trials reporting the subsequent risk of pneumonia.
Given the high morbidity and mortality associated with pneumonia and fracture in patients with COPD, it is important to understand the association of ICS use with these adverse events. Additionally, the role of ICS therapy in patients with stable COPD is controversial. 24, 25 Therefore, the objective of this report is to determine the potential benefit and harms of adding ICS therapy to placebo or non-ICS inhaled therapy for stable COPD. We conducted a systematic review and metaanalysis of randomized controlled trials to determine associations of ICS use of 6 or more months' duration with allcause mortality and risks of fracture and pneumonia in patients with stable COPD. We also assessed associations of ICS therapy with outcomes among patients with COPD according to the following specific characteristics: high vs low ICS dose, shorter vs longer duration of ICS therapy, severity of COPD, and ICS monotherapy vs combined ICS and bronchodilator therapy.
METHODS
We followed the Quality of Reporting of Meta-analyses guidelines for reporting our meta-analysis and results. 26 
Data Sources and Search Strategy
We searched MEDLINE, CENTRAL, EMBASE, CINAHL, Web of Science, and PsychInfo (to February 9, 2008) to identify potentially relevant articles. Our search included combined Medical Subject Headings and keywords for adults with COPD (study population); use of an ICS (study intervention); and randomized clinical trials (study design). The search strategy used standard filters to identify randomized clinical trials. There were no language restrictions. We reviewed the bibliographies of all selected articles and relevant review articles to identify additional studies.
Study Selection
Two reviewers (M.B.D., M.W.P.) independently screened studies for inclusion, retrieved potentially relevant studies, and determined study eligibility. Disagreements were resolved by group consensus. Analysis was restricted to published double-blind, randomized controlled trials comparing ICS use (Ն6 months) with control therapy (placebo or non-ICS inhaled medications). We included studies with 6 or more months' duration of ICS use, because we hypothesized that many adverse events (eg, fractures) would require a minimum duration of exposure. 27 Included studies were those that enrolled adults (Ն40 years) with COPD (defined as a clinical diagnosis of COPD or as current or former smoking [Ն10 pack years] and an FEV 1 to forced vital capacity ratio Ͻ0.70). Trials enrolling patients with asthma or evidence of reversibility by standard bronchodilator testing were excluded. Agreement between reviewers regarding study in-clusion was assessed using the Cohen statistic. 28
Data Extraction
Two reviewers (E.C.D., E.F.) independently abstracted data and methods from included studies using custommade standardized forms. Extracted data were entered into Microsoft Excel (Microsoft Corp, Redmond, Washington) and were checked by a third reviewer (M.W.P.). Abstracted data included study design (eg, date of conduct, sample size), patient characteristics, study methodology (eg, eligibility criteria, method of randomization, and blinding), intervention (eg, ICS type, dose, and duration; outcome definitions), and main results. To compare effects of different doses of ICS, the ICS doses in each study were converted to beclomethasone-equivalent doses. 29 Disagreements were resolved by group consensus. Methodological quality of included studies was evaluated by collecting data on sources of systematic bias according to published guidelines. 30 These data included description of sequence generation, allocation concealment, assessor blinding, incomplete outcome data, selective reporting, eligibility criteria, therapies, and excluded patients. We also quantified study quality using the Jadad score. 31 The primary outcome of this metaanalysis was all-cause mortality 1 year after initiation of ICS therapy. Secondary outcomes included pneumonia, fractures, and mortality at 6-month, 2-year, and 3-year follow-up. Definitions of adverse events (pneumonia, fracture) used in included studies were heterogeneous and sometimes absent. However, studies reporting pneumonia and fracture outcomes without explicit criteria for these events were included in the analysis.
Statistical Analysis
We report dichotomous outcomes as relative risks (RRs) and their respective 95% confidence intervals (CIs). The I 2 statistic was calculated to determine the proportion of between-study variation due to heterogeneity, with suggested thresholds for low (25%-49%), moderate (50%-74%), and high (Ն75%) values. 32 Study-level data were pooled using a random-effects model. In analyses in which heterogeneity was low (I 2 Ͻ50%), a fixed-effects model was used. Studies with multiple therapeutic groups were analyzed as separate 2-group trials in each comparison, using the non-ICS comparator (LABA) or placebo therapy for comparison. For example, in a study including 4 treatment assignments (placebo, ICS, LABA, ICS/LABA), ICS was compared with placebo and ICS/LABA was compared with LABA. Publication bias was assessed using funnel plots and the Begg statistical test. 33 All statistical analyses were performed using Stata version 10.0 (StataCorp, College Station, Texas).
We defined several a priori subgroups to explore observed heterogeneity, including dose and duration of ICS therapy, baseline COPD severity (defined using FEV 1 ), and use of monotherapy vs combination therapy.
RESULTS

Search Results and Study Characteristics
The electronic database searches identified 3153 citations. After evaluating these citations, review articles, and the bibliographies of included studies, we included 11 randomized controlled trials [10] [11] [12] [13] [14] [15] [16] [34] [35] [36] [37] (FIGURE 1) . The Cohen statistic for agreement on study inclusion was 0.92.
Characteristics of included trials are summarized in TABLE 1. A total of 14 426 participants (mean, 1312; range, 290-6112) with COPD were included in these studies. Although all studies were published in English, they represent an international experience, having been conducted in more than 40 countries. Ten studies were multicenter trials.
All studies defined COPD using pulmonary function testing as recommended by international guidelines. 17 Entry criteria differed regarding baseline FEV 1 reported as having been measured before or after bronchodilator ad-ministration. All studies excluded individuals with recent exacerbations. Mean baseline FEV 1 was 51% predicted (range, 36% to 86% predicted). Mean study duration was 24 months (range, 6-40 months). Six studies lasted less than 36 months. Three types of ICS were studied, as monotherapy or as combination therapy: fluticasone, 10, 12, 13, 15, 16, 35 triamcinolone, 34 and budesonide. 11, 14, 36, 37 The mean ICS dose (in beclomethasone equivalents) was 930 µg/d (range, 250-4800 µg/d). Five trials were placebocontrolled. 10, 16, 34, 36, 37 Three studies had 3 comparator groups including placebo, LABA, and combination ICS/LABA. 11, 12, 14 Other studies used different comparator groups: tiotropium plus placebo vs tiotropium plus salmeterol vs tiotropium plus salmeterol/fluticasone; 35 salmeterol/fluticasone vs salmeterol 13 ; salmeterol/fluticasone vs tiotropium. 15
Quality Assessment
In general, methodological quality of included studies was good. All included studies had a Jadad score of 3 or greater (TABLE 2). All studies had clearly defined eligibility criteria, therapies, and reasons for patient exclusion. Allocation sequence generation and concealment were adequately described in 7 studies. [10] [11] [12] [13] 15, 35, 37 All studies demonstrated adequate description of assessor blinding and reported statistical methods including sample-size calculations. Nine studies reported intentionto-treat analysis. [11] [12] [13] [14] [15] [34] [35] [36] [37] Follow-up rates for all studies exceeded 95%. Discontinuation of assigned study medication was common (range, 25%-43%). Eight studies reported industry funding. [10] [11] [12] [14] [15] [16] 36, 37 All studies reported some involvement with industry sponsors (eg, supply of active drug and placebo, statistical analysis).
Publication bias was assessed by inspection of funnel plots as well as analysis of the Begg statistic for each pooled analysis. There was no evidence of significant publication bias for the primary or secondary outcomes.
Evidence Synthesis
Findings of our main analysis were robust to sensitivity analyses restricted to studies with explicit outcome blinding, no industry funding, assessment of bronchodilator reversibility, and secular trends (ie, publication after 2003). Thus, we present only the results of our main analysis. No study found a statistically significant 1-year mortality benefit from ICS use as compared with 
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All-Cause Mortality
All-cause mortality at 1-year follow-up (FIGURE 2) was reported in 5 studies (9233 patients). [11] [12] [13] [14] 35 These studies included 128 deaths among 4636 individuals in the treatment group and 148 deaths among 4597 individuals in the control group. Inhaled corticosteroid therapy was not associated with a decreased risk of death at 1-year follow-up (RR, 0.86; 95% CI, 0.68-1.09; P=.20; I 2 =0%). Only 2 studies (6557 patients) reported all-cause mortality at 6-month follow-up, limiting pooled analysis. 12, 16 Neither study demonstrated a survival difference with ICS use. Similarly, only 2 studies (7435 patients) reported all-cause mortality at 2-year follow-up. 12, 15 Of these, only 1 study 15 reported that ICS therapy was associated with a mortality benefit (RR, 0.56; 95% CI, 0.33-0.94). When combined, these 2 studies demonstrated no difference in 2-year all-cause mortality for ICS therapy vs no ICS therapy (RR, 0.90; 95% CI, 0.69-1.12; P = .45; I 2 = 55%). Five studies reported allcause mortality rates at 3-year follow-up (9537 patients). These studies reported 498 deaths among 4777 individuals in the treatment group and 506 deaths among 4760 individuals in the control group. 10, 12, 34, 36, 37 There was no difference in all-cause mortality at 3-year follow-up for ICS therapy vs no ICS therapy (RR, 0.98; 95% CI, 0.87-1.10; P =.70; I 2 =0%).
Pneumonia
Seven studies (10 776 patients) reported pneumonia outcomes.
These studies included 777 events among 5405 individuals in the treatment group and 561 events among 5371 individuals in the control group (Figure 2 ). [10] [11] [12] [13] 15, 35, 37 Patients receiving ICS therapy had a higher incidence of pneumonia (RR, 1.34; 95% CI, 1.03-1.75; P = .03). There was a moderate degree of heterogeneity for this analysis (P Ͻ .001; I 2 = 72%). The 3 individual studies that reported a significantly higher pneumonia incidence contributed 61.9% of the overall weight in the pooled analysis. Each of these studies was published after 2006. 
Fracture
Three studies (8131 patients) reported fracture events. These studies included 195 events among 4073 individuals in the ICS treatment groups and 178 events among 4058 individuals in the control groups. 10, 12, 36 There was no difference in the risk of fracture between ICS users vs nonusers (RR 1.09; 95% CI, 0.89-1.33; P = .40; I 2 = 29%).
Subgroup Analyses
Subgroup analyses were performed to investigate heterogeneity for associations of ICS use with our primary and secondary outcomes within strata of 4 different study characteristics ( No effect modification was demonstrated for 1-year all-cause mortality or fracture risk in any of the 4 explored subgroups, as expected from the lack of statistical heterogeneity in these analyses. However, there was a significantly higher risk of pneumonia in the following subgroups: highest ICS dose (RR, 1.46; 95% CI, 1.10-1.92; P=.008; I 2 = 78%) 10, 12, 13, 15, 35 ; shorter (Յ2 years) duration of ICS use (RR, 2.12; 95% CI, 1.47-3.05; P Ͻ .001; I 2 = 0%) 11, 13, 15, 35 ; higher baseline COPD severity (ie, mean FEV 1 Ͻ40% predicted) (RR, 1.90; 9 5 % C I , 1 . 2 6 -2 . 8 5 ; P = . 0 0 2 ; I 2 =0%) 11, 15, 35 ; and combination therapy (RR, 1.57; 95% CI, 1.35-1.82; PϽ.001; I 2 = 24%). [11] [12] [13] 15, 35 COMMENT This systematic review and metaanalysis of 11 randomized controlled trials of ICS therapy of 6 or more months' duration in patients with stable COPD demonstrated several important results. First, ICS therapy was not associated with improved survival during follow-up periods ranging from 6 months to 3 years. Second, ICS therapy was associated with a 34% increased risk of pneumonia. Third, ICS therapy was not associated with increased fracture risk, although few studies reported this outcome.
The lack of a survival benefit with ICS therapy reported here is consistent with the results of 2 previous metaanalyses. 21, 23 In contrast to the prior meta-analyses, the current analysis includes a recent randomized controlled trial that demonstrated a survival benefit with ICS therapy. Nonetheless, our analysis demonstrated no short-or long-term mortality benefit with ICS therapy. Furthermore, our analysis did not reveal a specific subgroup of patients with COPD for whom a survival benefit might exist.
We demonstrated a significantly increased risk of pneumonia with ICS use. There has been increasing controversy in the literature regarding the association between ICS use and increased pneumonia risk. [38] [39] [40] Establishing and quantifying this risk is essential, given the high morbidity and mortality associated with pneumonia in patients with COPD. 41, 42 Three recently published randomized trials demonstrated a potential association between ICS use and increased pneumonia incidence. 12, 13, 15 These studies contributed the majority of the weight to the pooled estimate. Two of these trials had clearly defined, albeit different, definitions of pneumonia. The increased risk of pneumonia in recent clinical trials may reflect improved detection of pneumonia associated with ICS use. Explicit definitions for pneumonia and acute COPD exacerbations in future clinical trials may prevent misclassification bias that could alter true associations of ICS with COPD exacerbation rates and pneumonia.
The mechanism of the association of ICS therapy with pneumonia remains unclear. One potential explanation is that ICS therapy may increase pneumonia 30 Assessment of each criteria could be "yes," "no," or "unclear." b Range, 1-5; 5 indicates highest quality. 31 risk in patients with COPD by increasing local airway immunosuppression. 43 This could diminish the ability of the innate immune system to defend against primary bacterial infections or postviral superinfections. This hypothesis is supported by a recent multicenter trial that suggested that ICS use reduces lungspecific but not generalized biomarkers of systemic inflammation in patients with COPD. 44 Consistent with this hypothesis, our results demonstrated that higher ICS doses are associated with increased pneumonia risk in a dose-dependent manner. Combined therapy with an ICS and a LABA may increase the distal ICS delivery to the alveolar bed when compared with monotherapy, which could further propagate the immunosuppressive effects of ICS. 45, 46 Supporting this, our subgroup analysis showed a higher risk of pneumonia with combination therapy. Interestingly, ICS exposure for 2 years or less was associated with a higher risk of pneumonia than was ICS exposure for longer than 2 years. The biological explanation for this observation remains unclear. While the conclusions drawn from subgroup analyses are limited and hypothesis-generating, they highlight the need for further exploration of the association between ICS therapy, pneumonia risk, and subsequent morbidity and mortality in patients with COPD. The association of ICS therapy with increased rates of pneumonia reported in our meta-analysis should be considered by clinicians and guideline developers when evaluating the role of ICS therapy in the management of stable COPD. This finding must be balanced with those of other reports describing beneficial effects of ICS therapy. A recent meta-analysis of 13 139 patients with COPD demonstrated that ICS use of longer than 6 months' duration slowed the rate of decline in quality of life as measured by the St George's Respiratory Questionnaire, a 51-item questionnaire scored from 0-100, with higher scores indicating worse quality of life (weighted mean difference, −1.22 units/y; 95% CI, −1.83 to −0.60; 2507 participants). 23 Al-though data were not sufficient for pooling, the authors also observed that symptom scores decreased with ICS use. While different quality-of-life measures were used in the 11 studies included in our meta-analysis, 8 reported a statistically significant improvement in St George's Respiratory Questionnaire scores. Thus, the increased pneumonia risk associated with ICS therapy should be carefully balanced with the known favorable effects of ICS use on quality of life.
Our systematic review and metaanalysis has limitations. First, due to lack of mortality data from all 11 stud-ies, our pooled results were likely underpowered to detect a significant difference in mortality. For example, for the primary outcome of all-cause mortality at 1 year, our meta-analysis was powered (assuming a 2-sided ␣ of .05 and power of 0.80) to detect a 1.0% absolute difference in mortality (2.2% vs 3.2%) but not the 0.5% difference in mortality identified (2.7% vs 3.2%). Demonstrating statistical significance for the identified 0.5% difference between groups would require 44 190 patients. Second, most studies used different definitions for pneumonia. Pneumonia can have a high degree of 
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©2008 American Medical Association. All rights reserved. clinical overlap with COPD exacerbations. If a clinical outcome was misclassified as pneumonia rather than an exacerbation, one would observe an in-creased incidence of pneumonia with a decrease in acute exacerbations. Third, considerable heterogeneity existed in the type and dose of ICS used in stud-ies of COPD. Given the different pharmacodynamics of these therapies, including drug metabolism and synergy with other inhaled therapies, pooling of different studies may attenuate the effect of a single agent. Fourth, considerable qualitative heterogeneity was present in the populations studied in these clinical trials. Different criteria for age, disease severity (ie, baseline FEV 1 ), and smoking status may limit the generalizability of our findings to a particular population. We used the I 2 statistic to quantify between-study heterogeneity created by these variations in study design and characteristics. The use of I 2 has limitations, because this statistic assesses only 1 aspect of study variability and does not consider the clinical implications of the observed heterogeneity. 32 Fifth, while the studies in our meta-analysis reported fracture risk, the total number of fracture events was low. Compared with randomized controlled trials, observational studies may be better suited to detect uncommon adverse events. This is highlighted by the report of a recent meta-analysis of case-control studies (43 783 cases and 259 936 controls) of ICS use that demonstrated an increased risk for nonvertebral fracture (RR, 1.12; 95% CI, 1.00-1.26). 47 Sixth, our analysis did not incorporate data on quality of life and symptom changes associated with ICS therapy.
Clinical Controversies
Results of this meta-analysis raise important questions regarding ICS therapy in patients with stable COPD. First, given that ICS therapy decreases exacerbations and has a neutral effect on mortality, should physicians be concerned about increased pneumonia risk? While reduced exacerbation rates is an important goal in patients with COPD, ICS-associated pneumonias could diminish the quality of life of patients with COPD through recurrent hospitalizations and decline in lung function. Furthermore, an increase in pneumonia could potentially contribute to the mixed observations of prior meta-analyses on global quality-of-life Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in first second of expiration; RR, relative risk. a ICS dose in each study converted to beclomethasone equivalents. 29 outcomes. Clinicians should weigh the adverse events and associated benefits of ICS therapy when considering initiating this treatment. Second, if pneumonia is an important cause of death in patients with COPD, why is survival no different with ICS therapy? Given the heterogeneity of manifestations of COPD, certain populations of patients with COPD may benefit while others may be harmed, resulting in no net survival difference in survival with ICS therapy. In fact, a study of ICS therapy in patients with mild COPD reported a trend toward a protective effect. 37 Recognizing the adverse events associated with ICS use is especially important, since clinicians may increase ICS therapy from moderate to high doses in patients who are not responding. Our data suggest that increasing to higher ICS doses may place patients at greater risk for pneumonia. While the results of our subgroup analysis suggest the existence of subpopulations of patients with COPD who might be at higher risk for pneumonia, our evidence is not conclusive and is only hypothesis-generating. Analysis of existing observational studies and future clinical trials may help physicians determine an optimal ICS dose that balances the potential risks and benefits of this therapy. Until studies can confirm an unequivocal benefit of ICS therapy in a group of patients with COPD, patients should receive the lowest effective ICS dose to minimize potential adverse effects.
Conclusions and Future Considerations
Our systematic review and metaanalysis shows that while ICS use in patients with stable COPD does not significantly affect mortality, there is a significantly increased incidence of pneumonia. This risk may be greatest in patients with the lowest baseline FEV 1 and in those receiving the highest ICS dose, shortest duration of ICS therapy, and combination therapy. Further studies with rigorously defined pneumonia and exacerbation out-comes are warranted to better understand the potential harms associated with ICS use. Future studies are also needed to determine an optimal subgroup of patients with COPD that may benefit from ICS use. Finally, our study reinforces the importance for clinicians to weigh the potential risks and benefits of ICS therapy in patients with stable COPD.
